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ABSTRACT

Chase, Anthony M. M.S., Purdue University, December 2014. Implementing the CASPiE
Course-Based Research Experience at the United States Military Academy: Affective
Responses and Effects on Critical Thinking. Major Professors: George Bodner &
Gabriela Weaver.
The Center for Authentic Science Practices in Education (CASPiE) pioneered a
course-based research experience approach to teaching chemistry laboratory
courses. The method had previously been studied in a variety of institutional
settings. Recently, the United States Military Academy at West Point decided to develop
CASPiE-style modules for the introductory honors chemistry course. This research
setting presents clean experimental-control comparisons and a group of faculty who were
completely new to the method. Equipping students with authentic research experiences
early in their education is important regardless of the institution. However, cadets at a
military academy must make decisions relatively early (the outset of their second year) as
to what their career trajectory will be as eventual officers. In the new CASPiE-based
experience, cadets are given the opportunity to select from one of three different modules
(analytical chemistry, toxicology, and chemical engineering) in which to participate
during the course. These three modules represent subsections of an overall Army wasteto-energy research project. Cadets generate unique hypotheses, real data, and research
posters towards the advancement of the project. Posters are then presented in a session
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that includes an audience of project stakeholders, course instructors, and other academy
faculty and staff. Here, I will present my research methods, evaluative procedures, and
findings in the affective domain, critical thinking, and laboratory content comprehension.

1

CHAPTER 1. INTRODUCTION

1.1

Introduction

Throughout my educational experiences, it has become evident to me that despite
the attempts by curriculum developers and university faculty, many of the college
courses that students enroll in every year are not in any way reflective of the job
experiences or futures for which they are being prepared. A disparaging observation,
nonetheless, but not a totally helpless one is the idea that rote memorization and recall
examinations will adequately prepare students for careers or further experiences.
Students fill classrooms and laboratories every semester to follow stepwise procedures
that may even be meaningless to their overarching goals of simply getting finished as
fast as possible while completing the requirements and getting the grade. (DeKorver &
Towns, 2014) This is not to say that students are uninterested in STEM content; this is
simply a commentary on the manner in which it is being presented to them. I will not
presume to be alone in this observation, nor do I regard it as a novel one. A review of the
literature concerning effectiveness (or lack thereof) and gains from the traditional
science laboratory demonstrates a serious need for reform (see Chapter 2).
Reform, however, can be somewhat of a controversial issue within the realm of
educational research and literature because curricular change cannot be simply observed
under a microscope. Many outside factors are at play in curricular change at all levels
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that include political structures, bureaucratic policy, and administrative support due to
both the top-down and bottom-up approaches taken in earlier decades as highlighted by
MacDonald (2003). MacDonald illustrates the ways that a top-down approach assumes
uniformity across non-uniform classrooms where a bottom-up approach leaves educational
interventions not properly assessed or implemented across any large scale. This presents a
unique research climate as well as a unique set of challenges.

1.2

Purpose for the Implementation and Overview of Chapters

Given the importance of these decisions, it was important to plan carefully when
stakeholders at the United States Military Academy (USMA) approached my research
advisor about the possibility of an academic intervention within their chemistry
laboratory course. The faculty stated a problem regarding a laboratory curriculum in
the honors general chemistry course. This curriculum was viewed as not challenging
enough to keep the high-achieving students engaged, nor was it interesting enough to
motivate the rest of the students throughout the semester. USMA also has an
overarching curricular goal of boosting critical thinking. Though this is such a highlevel goal, there was no assessment of gains or losses outside of student self-report data.
A unique opportunity had presented itself to incorporate something into the laboratory
curriculum that would be more authentic to their future scientific (or military)
experience as well as boost critical thinking ability in a measurable way while keeping
students motivated and interested. It became evident that a good fit would be the
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module system from the Center for Authentic Science Practice in Education (CASPiE)
(Russell, 2008; Weaver et al., 2005; Weaver et al., 2006; Weaver et al., 2008; Wink &
Weaver, 2008). This module system is one in which a majority of the traditional
laboratory activities are replaced by an authentic research experience. This is one in
which students undergo skill-building modules to teach necessary techniques, develop
unique hypotheses, carry out their own experiments and write-up results for
presentation. Authentic practice in the laboratory classroom is something that seemed
as though it could address many of the needs of the faculty at USMA. Implementation
of the CASPiE module system was not an easy task, especially given the time frame in
which it was deployed.
Many key decisions were made about the logistics for planning out the curriculum
for the second semester honors general chemistry. The largest of these was the
identification of the project. In a seemingly serendipitous turn of events, an engineering
research team at the State University of New York (SUNY) in Cobleskill, NY formed a
partnership with the Department of Chemistry and Life Sciences at USMA to embark
on the analysis of a gasifier system that converted waste into a syngas. The reason for
this partnership was largely the result of Department of Defense (DoD) funding to
develop this technology in a military application. This set the stage for the research
project that the students would work on during the CASPiE modules.
Three instructors were involved in the honors general chemistry class and therefore
all had their own research backgrounds. Upon discussion with faculty at USMA as well
as SUNY – Cobleskill, it was decided that the CASPiE module system would be used as
an intervention and that it would be advantageous to make use of these different
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research backgrounds of the faculty and split the module system into three different
subject areas: analytical chemistry, toxicology, and chemical engineering. Each
instructor planned out, piloted, and implemented each of their respective modules
(Chapter 4). Once the modules were developed, students were given the choice to
choose the modules in which they were most interested. They then proceeded through
the semester under the guidance of the instructor of their chosen module. After carrying
out the various stages of the curriculum (Chapter 4), they gathered data and created
posters for a poster session at the end of the semester.
Once the CASPiE research experience was identified as the academic intervention
to be used at USMA, the next step was to consider how the program was going to be
evaluated. The main problem that arose from the assessment plan was generalizability.
USMA has very rigorously stated guidelines for admission and therefore recruits classes
of high school graduates from all over the nation that demonstrate a high ability to
achieve academically, athletically, and are leaders. These incoming first-year students
also have a very different experience from that of a typical university student. Therefore,
academic achievement becomes less of an important measure, as these students are
accustomed to success on any standardized academic instrument. Motivation is another
construct that is often evaluated in educational scenarios. Upon examination, this proved
to be another area where it would be difficult to generalize results given that these
students must be academically high achieving simply to be admitted into USMA.
Displaying gains or losses in academics or motivation would have proven to be an
uninteresting result as it would not have been generalizable to a normal university
setting. So as not to squander the opportunity to create something that was valuable to
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the research community, it was necessary to focus on more abstract constructs.
Specifically, the main unit of analysis was the USMA identified goal of critical thinking.
Critical thinking turned out to be an interesting concept to explore throughout this
project because many higher educational institutions (USMA included) have critical
thinking listed as a primary academic goal, yet they have no way of operationalizing the
term. The research community has many ways of defining critical thinking, yet we
found that the most applicable definition and measure of it came from Tennessee Tech
University (Stein et al, 2007). Once identifying the critical thinking as the primary
measurement of the analysis, it became necessary to plan the research design of the
educational study (Chapter 3). Though critical thinking was the focus of the first
research question, various other measures were tabulated for analysis of the proceeding
two. Some of these measures were most informative when comparing between groups
of a control group; others were compared on a within groups basis for comparisons of
gains (Chapter 5). Once tabulation of data was complete, an analysis of the effects of
the CASPiE experience at USMA is highlighted throughout the Results (Chapter 6) and
Discussion (Chapter 7) sections of this thesis.

1.3

Guiding Research Questions

Specifically, the data were collected and then analyzed with intent to observe
statistically significant changes on quantitative measures, and unique supporting
comments out of structured qualitative interviews. These three research questions are as
follows:
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1.

What effect does the CASPiE curriculum have on military academy
cadets’ critical thinking?

2.

How does the CASPiE curriculum impact military academy cadets’
attitudes about their scientific skills or pursing a scientific career?

3.

What effect does the CASPiE curriculum have on military academy
cadets’ laboratory content comprehension?

These questions guided the decisions that were made throughout the research design
and implementation process. Throughout meetings with USMA faculty, all of the
decisions as far as research experiences were concerned should default toward increasing
authenticity. My goal in advising all members of the faculty was to try and reflect back on
my own experiences through scientific research and attempt to mimic them in a general
way for the students. In this way, we were able to offer students a scientific experience
that would motivate them and give them a better understanding of the real process by
which scientific inquiry proceeds.
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CHAPTER 2. REVIEW OF RELEVANT LITERATURE

2.1

The Laboratory Class

The laboratory class is an imperative component within a chemistry course. Most
university chemistry courses contain a lab component (Abraham et al., 1997). This
component is one that is often very costly. Laboratory classes are time consuming
(usually lasting three or more hours) and costly in terms of both supplies and
instructors.
Given that so much is being invested into this portion of the course, how it proceeds
is an important topic of discussion; as are the goals and outcomes of the course (Bybee,
2000; Lunetta, 1998). It is important to investigate whether labs are being conducted in
the manner that promotes positive learning outcomes such as teaching students relevant
skills for the chemistry field as they are primarily designed to accomplish.
In the past, laboratory activities have been a supplementary component to the
lecture portion of the course as a means of repeating previously achieved experimental
techniques. Due to the fact that the overall procedural goal of these lab activities is
simply verification, they can overall be described as not authentic.
Trumper (2003) refers to verification lab activities as representing the lowest common
denominator of logic and instruction. Activities such as these generally

8
contain rote exercises with the use of minimal resources as the administrative goal
(Lagowski, 1990). An environment with these goals of verification and minimal
resource usage does not seem as though it would open up the ability to demonstrate the
processes by which science proceeds.

2.2

Course-Based Research and Critical Thinking

Research-based laboratory activities have become more popular as of late due to the
pronounced benefit of undergraduate research experiences (Kremer and Bringle, 1990;
Kardash, 2000; Rauckhorst et al., 2001; Hathaway et al., 2002; Bauer and Bennett, 2003;
Lopatto, 2004, 2007; Russell et al., 2007; Laursen et al., 22010; Thiry and Laursen, 2011)
as reported by Auchincloss (2014).
he idea behind these types of curricula is to address the weakness by offering
authentic research experience to students in entry-level classes. These types of research
projects were highlighted by Gasper et al (2012) in a study, which displayed a complex
biology research project that received data from students in beginning courses. This
project gave students an authentic research experience as well as displayed gains in
student critical thinking. In this as well as several other studies measuring critical
thinking, the main instrument used was the Critical Thinking Assessment Test (CAT)
(Stein et al., 2007) The CAT is a robust instrument developed at Tennessee
Technological University that measures the following core areas of critical thinking:
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•

Evaluating information

•

Creative thinking

•

Learning and problem solving

•

Communication

These core areas were developed from interviews with faculty and industry recruiters
across disciplines. In the aforementioned interviews, participants were asked to identify
the most important components of critical thinking. Another research lab project was
done in the classroom with United States Air Force Academy cadets to produce data for
researchers (Snellman et al., 2006). This project was published with the participating
students listed as authors; and was also aimed at increasing critical thinking and
problem solving skills. It was further conducted in the academy as it fostered some of
the desired attributes of future personnel.
The Center for Authentic Science Practice in Education (CASPiE) was developed
with the goal of streamlining this procedure of giving students authentic scientific
research experiences in universities. The additive components of the CASPiE curriculum
include the remote or direct use of laboratory instrumentation by students as well as the
structured module system, which trains students with necessary skills. CASPiE students
form research groups in the classroom and eventually approach data with different
hypotheses and present their results at the end of the semester (Weaver et al, 2006). Most
recently, a biological CASPiE adaptation was done and resulted in an increase of student
critical thinking skills as measured using the CAT (Gasper & Gardner, 2013). From the
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CAT data and results by Gasper and Gardner (2013), it appeared that this assessment
would be appropriate to utilize for this study.
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CHAPTER 3. METHODOLOGY

3.1

Theoretical Framework

Simply mentioning the subject of chemistry in a public setting generally brings up
memories of struggling through lectures and laboratory classes. Some of this difficulty
can be attributed to issues involving students’ effort or motivation. Some of this can
also be attributed to the sheer nature of the topic. However, we must focus on the
aspects of this process that we can control, such as instructional methodology and
philosophy.
Cognitive apprenticeship as an instructional method was first proposed in the late
1980’s in which it aimed to provide students with opportunities to “observe, engage in,
and invent or discover expert strategies in content.” (Collins et al., 1987) For the purposes
of this study, we will assume that giving students meaningful tasks in an authentic context
with expert guidance can do this. The CASPiE experience is planned and executed with
these goals in mind. Scientific research can further be looked at as a community of
practice with unique techniques, language, and processes (Lemke, 1990). Therefore, in
order for the cognitive apprenticeship model to be successfully implemented, it must
contain a social context displaying the scientific community as well as contain all facets
of the scientific context. (Collins et al., 1989) These goals are reflected in the basic
CASPiE model that includes a real research project that is identified, followed by a set of
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skill building modules to teach students the techniques and familiarize them with the
project. Students then plan and carry out their own research projects that extend the
overall research goals. After collecting data and analyzing it, students prepare to write up
their findings that are presented in a manner consistent with scientific conference
proceedings (oral or poster presentations) (Weaver et al, 2006).
In order to keep consistent with the CASPiE model, modules were developed at
USMA with the goal of including the aforementioned aspects of the program. As
mentioned in the previous chapter, the modules were split into three different tracks
from which students were able to choose. Another feature that was added to the
CASPiE program was that of an hypothesis development session in which students
from all three different research tracks met together and discussed what they had done
in the first few weeks of the experience as well as what techniques they had learned.
Students worked together to discuss what types of research questions were feasible and
what would be the best types of research routes to pursue. This meeting incorporated an
overview of each of the methods by their instructors and a discussion of their methods
by the individual students. We as researchers and course instructors felt it extremely
necessary to mimic the practice of a research group meeting for these students, as they
are largely unfamiliar with this concept going into the university level of coursework.
To this end, we also felt it necessary to hold this meeting in a library conference room
that is outside of the classroom and even outside of the building that students normally
have their class in. This seemed as though it would fit into the cognitive apprenticeship
model as it represents an authentic piece of the research process as well as incorporated
the social component of scientific inquiry as prescribed by previous publications.
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3.2

Participants and Setting

The participants in this study were cadets from the United States Military
Academy at West Point, NY. The purpose of the academy is to train and prepare recent
high-school graduates to be officers and leaders in the United States Army. Furthermore,
the academy is meant to give cadets a university-level education in order to prepare
them for careers both inside and outside of the army. Though the university level
education is a focus, the life of a cadet in the military academy setting is inconsistent
with that of a typical student at a university. The lives of these cadets are structured in
every way. Some examples of this include physical fitness, where (and when) to eat,
personal conduct, and when they are allowed to exit the boundaries of the post. They
also differ from most university students in the fact that they are government employees
subsumed into a military culture as well as students. This puts a unique twist on the
dynamic and power structure of leadership within the academy. Failure to follow the
direct orders of any military superior could result in disciplinary action as well as
eventual termination from USMA. Another unique feature to cadet life at USMA is
athletics. In order to obtain admission to (or maintain active status in) the academy, all
cadets must be eligible for some athletic activity or team. This means that they must
participate in practices and games outside of studying, scheduled meals, physical
training, and other military activities. This level of involvement undoubtedly puts a large
amount of strain on the schedule of the average cadet. The stringent recruiting process
also results in a new class of one thousand cadets entering each year with a wide range
of experience in the chemistry subject matters. Specifically, I will focus on chemistry in
this context.
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Students enter USMA having many different levels of chemistry laboratory
experiences as well as interests in science. Throwing all of them into a general
chemistry sequence (CHEM 101/102) for first year students, does not seem conducive
to the academic goals of the academy as some students end up bored and others struggle.
Therefore students are given a placement exam that informs instructors and course
coordinators of their knowledge level as well as interests in the science field. Topperforming students are listed as eligible for the advanced general chemistry course
sequence (CHEM 151/152). However, there are usually more eligible students than
spaces available in the course. This is where their scientific interests and higher scores
on the placement test determine which students will be enrolled in the advanced general
chemistry course. This means that there are also a group of students that are eligible for
the advanced general chemistry, who still take the traditional general chemistry
sequence. This provides somewhat of an experimental control group. It doesn’t allow us
to see clearly that causal interpretability would be attributed to the treatment of CASPiE
alone; but would rather give an informational piece of the bigger picture of what the
actual effects of the treatment may be.
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3.3

Data Collection

Evaluation of the CASPiE instructional approach was a difficult process to
attempt to develop. The reason for this difficulty being the ideas of external validity and
generalizability, USMA cadets cannot be easily compared to the average university
student for many reasons. The first of these differences is regarding lifestyle and living
situation. Cadets at USMA would even tell conversationally that their lifestyle is
significantly varied from that of cadets at other universities involved in Reserved
Officer Training Corps (ROTC) who end up on the same officer track in the military.
USMA cadets experience the military training component infiltrating every aspect of
life. The second of these major differences between USMA cadets and typical
university students is the factors of academics and motivation.
Obtaining admittance to USMA is not an easy task and requires a high level of
motivation on behalf of the potential cadet. They must succeed academically as well as
in leadership roles and athletics. In fact, they are required to be involved in some sort of
athletic activity during their time at USMA.
Acknowledging these differences, it was necessary to adjust the research design
accordingly. The focus of this analysis could not be academic performance or on a
motivational level. If any kind of generalizability or external validity was to be obtained,
the focus of the analysis needed to be shifted to abstract constructs. The decision was
made to focus on critical thinking, affective responses, and laboratory content
comprehension. For the purposes of this study, critical thinking can be defined under as
creative thinking, problem solving, evaluating information, learning, and
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communication of results (Stein, 2007). Utilizing the definitions and constructs defined
by the researchers at Tennessee Technological University, we decided to implement the
CAT three times for comparison. The experimental design was both a within-groups
(WG) design as well as a between-groups (BG) design. The WG design was one in
which we were able to implement the CAT at the beginning of CHEM 151 (August
2013), then again at the beginning of CHEM 152 (January 2014), and then finally at the
end of CHEM 152 (May 2014). The CASPiE experience was implemented throughout
the laboratory curriculum of CHEM 152. Given that these were the same group of
students in a similar course with the same speed and goals (many of which even had the
same instructor), the gains across the semesters could be compared to evaluate critical
thinking effects of the CASPiE experience. The BG design was an analysis that was
done with the goal of compare like groups statistically. The logistics of implementation
did not allow for a standard control-treatment set of comparison groups. This also would
have raised some ethical considerations. A review of the literature (Chapter 2) has
already shown critical thinking gains from military academy students’ participation in
course-based research as well as the critical thinking gains associated with the CASPiE
course-based research experience. Therefore implementing CASPiE across all general
chemistry courses and sequences would be an optimal course of action. It would also,
however, be an extremely time-intensive and labor-intensive one. For the purposes of
this study, I took advantage of the opportunity to implement this course-based research
experience across the honors general chemistry course and not in the regular general
chemistry course. That being said, I do understand the possible confounding factors of
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the course material in the BG design. However, these courses do cover the same overall
topics from a course-design standpoint.
In conjunction to the critical thinking data, there were also affective data
collected with the overarching goal of describing the gains that students self-reported in
regards to views of science and research. Further, we were interested in gaining an
understanding of the career goals and future direction of these students. To understand
how the CASPiE experience impacted these types of constructs, students were given a
survey developed by the researchers to obtain the results of these changes. The survey
contained first their future career plans. The second section of the survey asks them a
series of questions about the most recent laboratory course experience that they had.
Questions are regarding the authenticity and experiences in that course. This was
given at the beginning of the CASPiE experience (January 2014) and then again at
after the end of the experience (May 2014) for pre/post analysis.
This was not given to the CHEM 102 students, as it would not have made sense to
them. Finally, interviews were conducted with students who voluntarily gave their time
at no compensation to them. These interviews (approx. 10 minutes) were given twice for
each participating student, transcribed and tabulated for analysis. The interviews were
strategically placed after a non-CASPiE laboratory class (Figure A2) and then again after
a CASPiE laboratory class.
Specifically, they were done as the students were in the middle of data
collection for their proposed experiment. The focus of the interview was completely
structured and included questions (Figure A3) about the methods, theory, results, and
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next steps of the laboratory activities that they most recently completed. To better
display the effects of this cognitive apprenticeship model, the second interviews were
taken with a slightly greater time difference removed from the most recent CASPiE
laboratory activity (about one week). This was opposed to the non-CASPiE laboratory
activity interviews, which took place just a day or two after the laboratory class. These
questions were directed at each individual student’s ability to apply (or even recall) the
knowledge related to the activities that they were performing in the laboratory.

3.4

Data Analysis

The multiple different units of analysis of this academic intervention call for
multiple different analysis methods. This is compounded by the BG and WG designs
from the CAT data. Further, different analyses were performed to determine the
normality of distributional data for significance testing. Cohen’s d (Cohen 1988) for
comparison of difference between groups was used to compute the effect size of the BG
analyses. Interview analysis was done verbatim without any coding mechanism in order
to preserve the structured nature of the interviews. This structured nature referring to
the simple list of questions offered up to the interviewee without any overt reaction or
follow up questions by the interviewer. Paired samples t-tests were used to analyze the
WG changes for significance of mean differences of CAT scores. This was followed by
one-way ANOVA calculations to analyze the BG changes. The analysis was much
more focused on the WG changes as this had more traditional statistical control. A
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similar WG analysis was done for the affective data to determine gains across the
semester of the CASPiE treatment.

3.5

Role of the Researcher and Bias

Under any post-positivist theoretical paradigm such as the one used in this study, it
is important to consider the concepts of biases and experimenter effects. As the
researcher investigating the effectiveness of the intervention, I was funded by Purdue
University to aid in the implementation of the CASPiE course-based research experience
at USMA based off of an initial request to address the curricular issues previously
identified by the USMA faculty. Therefore, it was in the best interest of the researcher as
well as all faculty members involved for the CASPiE groups to outperform all other
groups on measured variables. The researcher was targeted to evaluate aspects of the
CASPiE experience that was previously demonstrated to be associated with coursebased research (See Chapter 2). As a chemist, I was able to aid the instructors in
prepping samples and data analysis. I helped the students in guidance for poster design,
though I was not in any way involved in assigning student grades, nor did I have access
to change such things. The nature of my relationship with students involved was as an
evaluator and a resource. I took no part in tutoring, helping, or instructing them in any
way toward their lecture material for the chemistry course. All laboratory activities in
which I was present also contained at least one of the instructors of the course as to not
confuse my role with that of an evaluator. This was of utmost importance for obtaining
honest opinions and interview data.

20
3.6

Reliability and Validity

The scoring of the test is a complex process in which faculty members from the
involved universities participated in a scoring session in which tests are scored multiple
times for accuracy (two times per test and only a third if there is a disagreement
between the first two). Scored tests are then sent in to the test distributer for accuracy
checks and tabulation. This process offers many layers of protection against researcher
biases inadvertently impacting the validity and reliability of the instrument. Further,
tests were coded for analysis and then shuffled continuously throughout the scoring
session so that USMA and Purdue faculty graders are not aware of which tests belong to
the various groups of the analysis.
As described previously, the interviews were structured in a manner that did not
lead students on to a correct or incorrect answer. There were no follow-up questions to
lead students on to believe that the interviewer desired a specific answer. Instructors
were not made aware of the comments offered by interviewees until the end of the
semester. Even at this point, the instructors were only aware of which students
participated in the interview, as well as any comments with names changed for
confidentiality.

3.7

Limitations

Any human-based research project, be it educational or otherwise, occurs in a
real-world context; and it is therefore subject to many confounds that are not able to be
controlled. Specific to this research project is the lack of a CHEM 152 control group.
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This possible confound is addressed primarily in the beginning of this chapter; however
I will revisit this issue again for emphasis. The students in the control group of CHEM
101/102 were selected as high-performing sections of the course who scored high
enough to be in the advanced course and were learning the same material as the
treatment group students, just at a different speed.
The similarities between these groups of students includes much more than these two
courses. The CHEM 101/102 student critical thinking analysis demonstrates a
normative change over time of a USMA student enrolled in chemistry. Further, the
interviews could have been analyzed differently to include a validated rubric to further
evaluate student understanding of the previous laboratory activities. The decision not to
explore this route was made in order to obtain answers from students as responses to
the prompts for each individual student as opposed to judging their answers against
some sort of developed “correct” answer.
The other main limitation of this research is the generalizability. Though the points
of analysis were mainly abstract in nature, it could still be argued that USMA cadets are
not comparable to other university students on most measures. It may become necessary
in future analyses to compare these USMA students to national averages or institutional
averages on some of the measures used. This would help strengthen the analysis of
CASPiE implementations across various institutional scenarios. With these limiting
factors considered, the plan and triangulation of data collection gives a good picture of the
effect of the CASPiE course-based research experience in a military academy scenario for
critical thinking and content comprehension.
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CHAPTER 4. CASPIE PROJECTS AND MODULE DEVELOPMENT

4.1

Overview

The selected research project as developed by the faculty at USMA is in
collaboration with the State University of New York (SUNY) – Cobleskill. The system
that has been developed by research faculty at SUNY – Cobleskill is one that gasifies
waste to produce syngas (Santangelo et al., 2011). The gasification process is one that
thermally converts solids to flammable gas by exposing it to temperatures in excess of
800°C. (need gasification ref.) This syngas is then cleaned or “scrubbed” through a
selected oil component and finally “polished” through an ethylene glycol polisher. The
produced syngas can then be used for fuel. The commercialization of this process is still
under development. However, the military application seems much more useful to
researchers as many military deaths on forward operating bases come from fuel
transport as well as the burning of toxic waste in open environments. Further, solving
the fuel transportation issue in the military would allow for the redirection of soldiers to
more urgent matters. Though soldier lives and usage is of utmost strategic importance
for army logisticians, reducing fuel costs is also a large motivator for research into
alternative energy sources.
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What is specifically useful about the gasification system located at SUNY –
Cobleskill is its rotary function that allows for gasification of waste containing a large
amount of moisture. Researchers have used various oils to scrub the gas but have not
explored many aspects of this project. Some potential research opportunities from this
project initially realized by USMA faculty included the necessary handling protocol and
procedures of scrubbing gas. Further, at the beginning of the CASPiE project, used
motor oil was the main scrubbing agent simply due to availability and cost evaluation. It
had not yet been studied which scrubbing gas would act most efficiently in terms of its
ability to absorb impurities in the produced fuel. These available research avenues
presented the opportunity to develop modules for the course in which CASPiE was
implemented. The developed CASPiE modules for cadets were based on the areas of
research expertise of the three course instructors. This has resulted in the creation of
three concurrent module programs branching off of the same waste-to-energy project.
Modules were created in the areas of analytical chemistry, toxicology, and chemical
engineering. Prior to implementation, the modules were planned out and the lab-based
activities were tested for feasibility.

4.2

Group Selection

These three sets of modules were written, developed, and executed by USMA
faculty. Students involved in the CASPiE experience were briefed on the basic
principles and techniques of these three research groups and allowed to self-select into
which one they would like to join for the semester. This presentation was given at the
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beginning of the semester. Students chose the group that interested them the most as
well as which interested them the least. They were then assigned to groups, with most
students getting their first choice. Overall, the chemical engineering modules had the
most students at 42. The toxicology modules followed with 31, and finally the analytical
chemistry modules had 14 participating students. Once selecting a group, students were
then subdivided into research teams that ranged between two and four students per team.
Each team would then carry out the experiments; write them up, and build/present the
culminating poster at the end of the semester. Students were graded on participation by
various methods in their individual groups (contribution to project set up, reading of
materials, etc.), documents turned in (hypothesis/methodology document, poster abstract,
and experimental results), and peer-evaluated group participation.

4.3

Analytical Chemistry

This set of modules is one in which students learn how to prepare oil samples for
Gas Chromatography (GC) analysis. GC analysis is generally not one that supports the
processing of oil samples. However, the developing method separates the non-polar
fraction of the oils and saponifies them so that they become aqueous (Mathison &
Holstege, 2013). They are often suspended in hexane and ran through the instrument.
The goal of this project is to compare the GC results with a known standard to identify
the different polycyclic aromatic hydrocarbons (PAHs) in the resultant oil. PAHs are
known to be dangerous when inhaled, therefore it is important to identify if the
gasification process is producing a dangerous environment for soldiers. The module
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began with an introduction to the GC instrument as well as some examples of what
chromatographs look like and how to properly interpret them.
After the initial instruction, the skill-building modules included the development
of standard curves with known solutions. This allowed students to familiarize themselves
with the process of identifying specific peaks on a graphical
output from these types of experiments. The process of prepping the samples and
placing them into the instrument queue also proved to be a vital learning experience
for the ensuing project. Students were evaluated in a formative manner by their lab
notebooks as well as their ability to interpret results alongside the instructor.
Skill building prepared the students to participate in in-depth discussion in both
preparations for and during participation in the research collaboration meeting.
Analytical students joined discussions with their newly acquired knowledge of how to
prepare samples and the feasibility of analysis. These discussions led into hypothesis
development. Groups came together to discuss their various plans of prepping and
analyzing samples of the various oils involved in the scrubbing process. The oils would
be tested against a known PAH standard mix. Once identifying the target peaks, students
planned on calculating relative concentrations to determine possible hazards in handling
scrubbing oils.
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4.4

Chemical Engineering

The second set of modules developed is based in chemical engineering. This set of
modules taught students how to design a system in the ChemCAD software; allowing for
the design of a system of solvents with various components such as reaction chambers.
The software also allows for intricate calculations of physical properties of the system.
Students not only learned how to create systems in the software, but how to test flow
rates, thermodynamics, and chemical outputs of a system. The module began with an
introduction and tutorial on how to use the ChemCAD software. They learned how to
design a simple system, modify variables, and generate calculated results. Once they
built a system, students then varied some components and flow rates to view changes to
the results in real time.
Due to the complexity of the project, skill building was a more lengthy process for
the chemical engineers than for other groups. After having an introduction to the
software, the chemical engineering students began to read research publications to study
the gasifier system and the previous systems like it. Specifically, they discussed in class
a gasifier system that used a steady water tank through which gas was bubbled. Students
modeled this system on ChemCAD and calculated the very same thermodynamic results
that the paper reported to compare. The experience of recalculating the results from a
research publication proved to be a valuable one as students were able to see some of the
numbers that didn’t match up to the given paper. Classroom discussion ensued after this
point as to some of the reasons that the experimental results did not match the theoretical
results; a concept that is often realized in the research process yet neglected in the
classroom.
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Once the students were able to electronically and mathematically model a gasifier
from a research publication, they prepared for the research collaboration meeting. During
the meeting, chemical engineer students explained their work with the ChemCAD
system as well as some of the possible oils that could be used most efficiently as well as
which ones could be accurately modeled by the software. They explained the complexity
of modeling the current oil due to the amount of random particles absorbed in its original
use. The determination was made that there are many different kinds of stationary
scrubbers as well as oils that could be flowed concurrently or in a counter current fashion.
These discussions propelled students into the hypothesis generation phase of the module.
Students worked alongside their groups to review their previous work as well as research
publications to generate unique experimental hypotheses. Most groups generated
hypotheses that were involving the physical implementation of a scrubbing system into a
gasifier and subsequent data collection. To achieve this goal, it became necessary to
build a small gasifier that would mimic the scrubbing function of the one in Cobleskill.
Students in the chemical engineering group began their experimental phase by
assembling piping, vacuum pumps, and digital meters in the classroom. Each class
would pick up where the previous class left off and continue building the gasifier.
The gasifier built by the students differed from the one created by SUNY – Cobleskill in
that it did not have a rotary kiln design. Due to the design changes, it could not handle
any liquid waste, nor could it handle any non-uniformly shaped waste (instructors
decided to use wooden pellets). Once built, students began to run experiments by
bubbling the gas through isopropyl alcohol prior to scrubbing and comparing that to the
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same procedure for gas after scrubbing. These experiments not only focused on varying
the scrubbing oil, but one group created a system that attempted to utilize the heat
created by the scrubbing process by passing it through water in hopes to model using the
system to heat water for a FOB. Others found a paper that utilized an aerogel material as
a solid scrubber. The group did some absorbance testing in the lab first to check for the
absorbing ability of the gel in this scenario. They leaned on learned techniques from the
previous semester’s laboratory activities to measure absorbance. Absorbance data
proved to be beneficial and suggest that these would make a good scrubbing agent for
the system. This experiment was not able to yield the expected results by the group of
students, mainly due to the fact that they were not able to create a viable system that
would neither seal the system nor blow the aerogel out through the end of the system by
vacuum. This experience gave students a disappointing, yet overwhelmingly authentic
view of the research process.

4.5

Toxicology

The third set of modules developed for this project is in the area of microbiology.
Developers of this module had the initial research goal of identifying biological effects
of various components of the gasifier. The military application of the gasifier had at its
core a goal to prevent soldiers from inhaling the toxic fumes associated with burning
waste in the field. If the substances involved were mutagenic in nature, it would not be
an effective substitution. Further, understanding the mutagenicity of the various
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components would help logisticians plan the types of PPE (or personal protective
equipment) required for individuals handling them.
Toxicologists study these types of effects with many different methods. The
Ames Assay is one that aids research scientists in understanding the toxicity and
mutagenicity of a substance. This assay exposes a strain of Salmonella typhimurium to
either a control substance or a sample of propylene glycol (the polishing agent in the
scrubbing process). In this process, the only way for a strain to survive would be to
mutate, therefore leading one to believe that the substance is mutagenic.
For the student groups, the modules began with a background of the definitions of
biological terms such as mutagenicity and toxicity as well as a review of the structure of
DNA. They received a detailed explanation of the experimental methods for
determining mutagenicity and the important safety protocols that must be followed
when working with biological samples. The skill-building modules then began with
experiments involving strains of E. coli (which are much less harmful for students to
interact with) to build their techniques for creating plates and reading results after
incubation. Once students felt more comfortable with lab techniques and the elements
of experimental design such as the concept of control and treatment variables, they
began to hypothesize about the types of experiments that they could accomplish with
their newly learned skills.
Of the three available groups, the toxicology students developed the most varied
experimental methodology. Some groups repeated the experimental procedure with the
propylene glycol polishing oil; others developed unique procedures varying exposure
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types and methods. A few groups built chambers that would expose plates to the fumes of
the polisher instead of the direct liquid. This method was developed to mimic the
exposure to these substances by soldiers on the FOBs. Others used a balloon to capture
gas coming out of the scrubber and then expose that to plates as mentioned before. Others
drew on their own background in culinary school to create an egg-based solution that
would emulsify the previously insoluble oil with the ager on the plates. Experiments
showed the unique creativity of the students as well as their drive to do authentic research.
Even when experiments failed, students were motivated to hypothesize and write up
possible reasoning for the failure. Students counted plates, took pictures, and created
graphical representations of data for presentation at the end of the module.
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CHAPTER 5. RESULTS AND DISCUSSION

5.1

Critical Thinking Results

When comparing the gains across the two semesters (Figure A1), the CHEM
151/152 students consistently increased in critical thinking both semesters, a gain
consistent with prior research (Gasper & Gardner, 2013) though they did not find
statistical significance.

Figure A 1. Critical Thinking Gains
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This is contrary to that of the CHEM 101/102 students who decreased over the first
semester followed by a slight increase over the second semester. The only change that
displayed statistical significance (p < 0.001) was that of the CHEM 151/152 students
gaining from 24.4 in January to 27.0 in May (during the CASPiE treatment). The effect
size of this increase (calculated by Cohen’s d) was in the large range of 0.58 in the
positive direction. The distribution of these data turned out to be very close to a normal
distribution. The analysis of the BG design displayed a significant difference between the
CHEM 101/102 and CHEM 151/152 scores in January as well as May. This measurement
does not give much of a statistically relevant comparison as the students displayed
different critical thinking abilities throughout the semester. When comparing the different
gains across the year, the CHEM 101/102 critical thinking measurement is important
because it displays gains (or in this case, losses) of a USMA chemistry student.

5.2

Affective Results

The affective CASPiE survey results (Table 8) yielded many statistically
significant gains as self-reported by students. Some of these gains were related to the
experiences that students had in the laboratory course such as “I repeated experiments
to check results” or “I learned chemistry from my classmates.” Other increases from
the survey were more geared at the students’ interests such as “The lab experience
made me more interested in chemistry” or “The lab experience made me more
interested in earning a Doctoral degree in a science field.” Students were able
recognize in this experience some ambitions of scientific careers as well as comment on
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how the program impacted them. A great number of the significant measures are direct
goals of the CASPiE program. Some of these are things like learning from classmates,
boosting interest in science, as well as creating relevance to the real world.

5.3

Content Comprehension Results

Interview data are often difficult to interpret in a manner that is unbiased.
Generally, the researcher will put a great deal of their own biases, experiences, and
expertise into the interpretation of qualitative data. This was the motivation behind
reporting the structured interviews as direct quotes in their entirety. There are several
points of analysis within these data, but the first one that I would like to point out is the
blatant change in language between these two interviews. Students were articulate in
their answers to the questions regarding the CASPiE laboratory experiments:
…the volume of syngas that was pushed out every ten minutes and that was
the main premise was finding the flow rate of the gas and also um also well
yeah for us it was just finding the flow rate of the gas and later on see how
much tar was obtained from the scrubber how much they were getting out of the
syngas.
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Versus the thermodynamics laboratory activity:
Um. The most recent lab was the thermodynamics lab that we just did. Uh it
was focusing on Gibbs free energy and how to basically wrestle with that in the
lab setting.
Further, the language is much more directed and concise in reporting procedures,
results, and future plans:
…using aerogel as a dry bed scrubber instead of um cleaning the propylene
glycol that scrubbed the gas. I was thinking that it would be better to clean the gas
using aerogel itself and take out the middleman. Less gas being absorbed itself
obviously the aerogel is absorbing a little bit of propylene glycol which is kind of
inevitable.
Versus the thermodynamics laboratory activity:
I mean our experiment that we did was uh it was pretty defined so it would be
kind of hard to take it to a next step um. I think it’s a lot harder to do these kind of
experiments um take these kind of experiments that we do in a regular lab like in a
regular basic chemistry lab to a next step...
There was a clear change in the level of detail and understanding between the two
laboratory activities. One cannot fully attribute this change to the method of instruction
for these students, however it seems evident that there is a high interest level, and
therefore motivation for understanding.
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The next interesting observation from the interview data is the noticeable
misunderstanding of the thermodynamics laboratory activity from every level. This is
consistent with previous work on student’s confusion with application of thermodynamic
principles in laboratory settings (Beall, 1994). The goals of the activity (Figure A2) were
focused on a single reaction and recording relevant data to that reaction based on
temperature readings. Though there were several students that complete misidentified
the topic of the activity, some were able to recognize the focus of thermodynamics.
Unfortunately, even for those that did correctly identify the focus of the activity, they
were unable to effectively communicate principles, procedures, goals, or next steps that
made sense. Many students identified a logical next step of the experiment being to
proceed to a different reaction. Given that instructor’s main goal of the activity was to
teach students to determine the free energy of a specific reaction, changing the reaction
would subvert this goal. Even as students discussed the procedural information that they
did remember, it was evident that the knowledge was fragmented. Variables were thrown
into conversation without being fully connected to one another. It also seemed as though
students who misidentified the activity thought that it was an electrochemistry activity.
This could be due to the fact that electrochemistry was the scheduled activity for the
following week; further illustrating the idea that their knowledge of the laboratory
content is fragmented and dependent upon the week. Students are given the challenge of
simply understanding what stage of the project in which they are currently involved, as
opposed to adding the content knowledge from the previous week without connecting it
to the current week. Therefore, a connection of these concepts helps deepen this
understanding throughout the semester.
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Another interesting observation is that between the two interviews, the students
see their instructors as well as scientific researchers in a different light. Specifically
Waldo comments about seeing his instructor as a researcher in that she did her graduate
work in a similar area of research as the class activity saying:
Well, LTC. Clancy, the instructor, says that she does this all the time. We
were using gun pipets, and she told us that she used that sometimes hundreds of
times per day when she was doing her research.
There were some instances where students would overtly identify themselves as
not being scientists in the first interview, and then claiming to have some sort of
understanding of the scientific process or research process in the second interview.

5.4

Overall Discussion

The various data sources collected gives much clearer picture as to what effects can
be inferred from the intervention. That being said, I believe that it is clear from the data
provided that the impacts to students at USMA in critical thinking and content
comprehension were due to the intervention of the CASPiE course-based research
experience. Students clearly benefitted from the implementation of this instructional
method as noted by increases in critical thinking, significant changes in affective
responses regarding both experiential data and scientific interest data, and by
demonstrating a deeper understanding of their experimental results and next steps.
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CHAPTER 6. CONCLUSIONS AND IMPLICATIONS

6.1

Conclusions

These outcomes lend themselves to many possible future research opportunities
concerning understanding, implementation, and modifications to course-based research
curricula. Once these aspects are evaluated in a rigorous manner and reported, the
decisions about feasibility of course-based research can be much more informed ones.

6.2

Implications for Practice

CASPiE represents one of many different ways to adjust a laboratory curriculum.
The research presented here is not meant to encourage everyone with the task of coursedesign or laboratory curriculum-design to implement the exact same program that was
implemented at USMA. Practitioners at USMA can look at the program and begin to
develop how a similar authentic experience could be used in their specific institution.
The exact details of implementation are not the generalizable portion of the method. One
implication that is clearer based off of this and other reference studies is the need for
laboratory activities to be moved in the direction of authenticity. Evaluative measures
must be employed in laboratory contexts to understand the exact necessary changes. This
necessity can be seen from an analysis of the interview responses from CASPiE students
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after a thermodynamics laboratory activity that is representative of many activities
employed in the general chemistry curricula of large universities. If students complete and
write up a laboratory activity, and then cannot even retrieve the overall subject of the
activity two days later, there is clearly a posed problem with the instructional strategy.
One could try to dismiss this as contextual, but it would prove to further illustrate the need
for assessments by practitioners when making large-scale decisions about curricular
change.
On top of the curricular and evaluative implications, practitioners care about
students as well as their experience. This research presents positive results from an
experience that gave students a rich and authentic view of scientific research. Along the
way, it appeared to boost critical thinking as well as encourage give students better
handles for application into their futures. All of these results are positive changes
within the classroom. This is why research results such as this study must motivate
practitioners to manipulate and implement similar methods to give students these types
of opportunities. At minimum, practitioners should be motivated to investigate the
types of alternative instructional methods that exist when planning their courses. This is
why it is important that practitioners stay involved with current research publications
and course interventions. Further, it is important that researchers make their studies
available and intellectually digestible for the everyday practitioner.
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6.3

Implications for Further Research

This research is aimed at adding to an existing body of publications on coursebased research as well as the CASPiE module system. Showing its applicability as well
as versatility gives the advantage to those looking into education reform. This unique
set of circumstances with this unique set of students lends itself well to this end. Future
studies must continue to evaluate course-based research as well as the specific
components of the cognitive apprenticeship model as a whole to determine the best
laboratory practices available. The question that is left hanging for these types of
educational models (at least in my mind) is what can (or will) students do with the
content knowledge specific to the project after the semester. What types of activities in
the future lives of the students will recall of information about gasification (in this case)
play? This question is one that can stretch across the spectrum of laboratory methods
that are non-traditional. Analyses have clearly shown in this case that something has
impacted the critical thinking skills, experiential views, and content comprehension of
the students involved over this time period. Students also learned how to do other
scientific processes such as poster making, laboratory group meetings, and interacting
with a primary investigator. However, there has been little done to investigate the
usefulness of the specific concepts from the activities after they have finished the
course.
Another observation, though admittedly much broader, throughout this study with
researcher implications is the basic philosophical viewpoint of approaching curricular
change. Students throughout the two-interview process showed interest in the

40
coursework. The capability of these students was not evident from the first round of
interviewing.
The interview data presented here displays the change in all three of these measures
in a very short amount of time. It would be difficult to ascertain from the data that the
CASPiE methodology somehow infused students with these things. Rather, I would
suggest that CASPiE as well as a plethora of different instructional methodologies
activate something within the students that existed prior to the beginning of instruction.
The barrier that exists when trying to push forward with newer educational methodologies
is not creating in students an intellectual ability, motivation, or interest in learning; but
conversely the barrier appears to be the activation and redirection of these capabilities to
the correct places by tapping into topics and strategies that catch the attention of students
and pull their attention to the applicability of the topics that are being taught in various
educational scenarios. Addressing this barrier with future research would better inform
those who are trying to understand what the term “best practices” means for their
individual research or academic setting.
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DEPARTMENT OF CHEMISTRY & LIFE SCIENCE
United States Military Academy
West Point, New York 10996
CH152, AY14
(40 points)
Experiment 4 – Thermodynamic Properties of the
Aqueous Reaction Of Iron(III) and Thiocyanate Ions
Materials:
Reagents
Equipment
Gloves
2.00x10 M KSCN (aq)
-3
12-mL Cuvette (Thin Type)
3.00x10 M Fe(NO3) 3 / 2.0 M HNO3 (aq)
Objectives:
1. Determine the equilibrium constant and the change in Gibbs free energy for the
reaction of iron(III) ion and thiocyanate ion at several temperatures.
2. Determine the change in enthalpy and the change in entropy for the reaction between
the iron(III) ion and thiocyanate ion.
3. Understand the role of activity coefficients in determining equilibrium constants of
ionic reactions in solution.
-3

References:
Silberberg, M.S. (2012). Chemistry, the Molecular Nature of Matter and Change (6th
Ed.). New York, NY: McGraw-Hill.
Science Laboratory Analysis Manual (SLAM), AY 14-1.
Ramette, Richard W., Journal of Chemical Education, v40, (1963) p.71-72.
Introduction:
The aqueous reaction of the iron(III) ion with the thiocyanate ion is:
3+
–
2+
(1)
Fe (aq) + SCN (aq)  FeSCN (aq)
(orange)
The aqueous iron(III) thiocyanate complex absorbs electromagnetic radiation in the blue
region. At lower concentrations, the absorbance of iron(III) thiocyanate is proportional
to the concentration according to Beer’s law, which is:
A = bc
(2)
in which A is the absorbance,  is the molar absorptivity, b is the cell path length, and c is
the equilibrium molar concentration of the absorbing species (in this case the iron(III)
thiocyanate complex). For this experiment b = (3874 M–1cm–1)(1.445 cm) = 5597.93 M–
1
for iron(III) thiocyanate at 470 nm.
At constant temperature and pressure, the standard free energy change depends upon the
equilibrium constant for a reaction as follows:
o
ΔG rxn= –RT ln K
(3)
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Figure A 2. Thermodynamics Laboratory Activity
The standard free energy change can also be expressed as:
o

o

o

 Grxn =  H rxn – T Srxn

(4)

Combining equations (3) and (4) yields:
o
o
 ΔH rxn
1 ΔS rxn
(5)

ln K 
R T
R
y = m · x + b
o
o
If we assume ΔH rxn and ΔS rxn are temperature independent (that is, the value doesn’t
change significantly when temperature does), then a plot of ln K vs. 1/T will yield a
o
o
straight line with a slope of –ΔH rxn /R and an intercept of ΔS rxn/R (note that equation
five is in the form y = m·x + b where the y term is ln K and the x term is 1/T). Over the
temperature range of this particular experiment, this assumption is very accurate for
o
o
o
ΔH rxn and ΔS rxn. (While ΔS rxn does change with temperature, it is less than 2% for
this experiment.)
The equilibrium constant expression for Reaction (1) can be written two ways. One
with which you are familiar:
[ FeSCN 2 ]
Kc 
(6)
[Fe3 ][SCN  ]
and one that is more accurate (significantly more accurate as is the case with this
experiment):
a
2
(7)
K  FeSCN
a Fe 3 aSCN 
where ai is the activity for the ionic species represented by “i”. The activity is given in
general as:
c
(8)
ai   i i
c

where i is the activity coefficient for ionic species “i” and co is the standard condition
concentration of 1M. Using Equation (8), Equation (7) can be written as:
[FeSCN 2 ]
γFeSCN2 [FeSCN 2 ]
K
 Kγ Kc
(9)
[Fe 3 ]
[SCN  ]
γFe3 [Fe3 ] γSCN [SCN  ]

where Kc is the ratio of the concentration terms and Kγ is the ratio of the activity
coefficients.
Remember that K, the equilibrium constant, is a constant value which can be the product
of one or more separate constants. In this case, the equilibrium constant, K, is the
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product of both the concentration constant, Kc, because we are not at standard
conditions, and the activity coefficient, which is given in Table 3.
Therefore, you can use your calculated concentration values to get the Kc value,
and use the constants given in the lab procedure to get the Kγ value. The product of
these terms gives you the observed equilibrium constant, K, for the overall
reaction.
PROCEDURE:
Remember the basic technique you learned in the kinetics lab earlier this semester.
-Wipe the cuvette with a Chem wipe before dropping in the well.
-Make a small mark on the top edge of glass cuvette with a marker so that you can
place the cuvette into the MicroLabTM facing the same direction each time.
-Move quickly and carefully after taking the cuvette from the hot water bath and
placing it in the sample well. Holding the cuvette in your hands can greatly affect the
temperature.
- If MicroLabTM locks up during a trial you’ll have to re-calibrate.
1. Use the Spectrophotometer application in MicroLabTM to measure the Absorbance of
the solution. To calibrate the instrument, first read a blank (water) and use the same
cuvette throughout your experiment. Be sure to select the appropriate cuvette (see the
path length provided in the procedure).
2. Data acquisition:
a. Repipette 16.0 mL of the potassium thiocyanate (KSCN) stock solution into a
clean, dry 100 mL graduated cylinder and 16.0 mL of the iron(III) nitrate / nitric acid
stock solution into the same beaker. Swirl to mix thoroughly. Take into account the
dilution of the two stock solutions (as a result of mixing the two solutions) when
3+
–
computing the initial concentrations of Fe (aq) and SCN (aq).
b. Rinse the cuvette with two 3-4 mL portions of the reaction solution. Dispose of
rinse solution in the waste container.
c. Fill the cuvette with solution and securely cap. Clearly label the cap with tape.
d. You will run 6 trials total, one at room temperature and one in each of the five
different temperature water baths in the lab. You will be using the same cuvette and
solution, in ascending order temperature-wise, for each of the other water baths. The
water baths are set at the following (approximate) temperatures: ~30°C, ~35°C, ~40°C,
~45°C, and ~50°C. Record the actual temperature of each bath as you use it (using the
alcohol thermometer).
e. Room Temperature: Select the 470 nm wavelength bar on the graph. To read
each sample, you will “Add”, type in the temperature of the sample you’ll be running
and leave the concentration or volume block at 0. Dry the cuvette (be careful not to
leave fingerprints), place your sample in the well and click on the “OK” button.
Manually record the Absorbance at each temperature.
f. Water Bath: Place your cuvette in the bath rack and let the solution thermally
equilibrate for 4-5 minutes.
g. Just prior to removing the cuvette, record the water bath temperature on the
thermometer and enter the temperature into the computer; have your computer ready to

50
take the reading. Quickly transport the cuvette to the spectrophotometer and measure
the Absorbance. You will repeat the same process for each measurement.
h. When you have finished taking all spectrophotometer readings, dispose of your
solution in the waste container.
3. Sample Calculations – You will need to refer to the Data Analysis Tool from the
Lab 3 folder located on the desktop of the lab station’s computer in order to assist you in
some of these calculations (see #4 below).
a. The equilibrium concentration of iron(III) thiocyanate can be calculated using
Beer’s Law in the following form:
FeSCN

5597.93
b. The equilibrium concentrations of the iron(III) ion and the thiocyanate ion can,
in turn, be calculated using stoichiometric methods. Once you obtain the equilibrium
concentrations of each ionic species, calculate Kc at each temperature.
c. The following table shows the activity coefficients for the iron(III) ion, the
thiocyanate ion, iron(III) thiocyanate complex, and K at various temperatures and can
be used to interpolate K values at intermediate temperatures using a line-fit method:

Table 3. Activity Data at Selected Temperatures
Activity coefficients
3+
Fe
SCN–
FeSCN2+
Temperature (°C)
25.0
0.246
0.856
0.536
30.0
0.254
0.859
0.544
35.0
0.263
0.862
0.552
40.0
0.272
0.865
0.560
45.0
0.280
0.868
0.568
50.0
0.288
0.871
0.575

K
2.545
2.493
2.435
2.380
2.337
2.292

o

d. Calculate K and ΔG rxn at each temperature using Equations (9) and (3),
respectively.
e. Relate the linear least-squares fit of the plot of ln K vs. 1/T to Equation (5) and
o
o
determine ΔH rxn and ΔS rxn using the Data Analysis Tool.
4. Data Analysis Tool:
a. Access the Data Analysis Tool from the Lab 3 folder on the lab station
computer.
b. Input your data (temperature and absorbance).
c. Print the spreadsheet and attach it to your lab report.
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Report-Results Section (40 points)

Submit the following:
1-your printed results (data analysis tool)
2- Select one temperature and show sample calculations for the following entries created
by the data analysis tool: columns D,E,F,G,H,I,J,K,M,Q, and R (11 total calculations).
These may be handwritten (very neatly) or typed.
3-Approximately one page (double-spaced, size 12 font) that addresses the following
questions:
a. What controls, if any, were used in this lab?
b. What confounding factors or error existed in this lab?
c. What would you change about the lab to mitigate error/confounds?
d. At room temperature is this reaction product or reactant favored. How do you
know? Will this tendency change with increasing temperature? If so, how?
e. Is the reaction enthalpy or entropy driven? Briefly explain.
Figure A 2. Thermodynamics Laboratory Activity

Lab experiment memory
1. What was the most recent lab that you performed?
2. What was this experiment trying to demonstrate? What are the main
scientific concepts behind the experiment?
3. In (experiment) in the lab, tell me about the results you obtained.
i. What do you think the results mean?
4. How did the chemical principles in this experiment relate to what
practicing scientists do? How did the techniques in this experiment relate
to what practicing scientists do?
5. If this was an experiment in a research lab, and you had an indefinite
amount of time to work on it; what next steps would you take to further
this experiment?

Figure A 3. Interview Protocol
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Table A 1. Laura
Question

TRADITIONAL LAB

CASPiE LAB

What was the most recent lab “The..what did we do?
that you performed?
Electrochem? No,
wait. Is that what we
did? Oh my gosh, I’m
sorry. Electrochem?
No? is that what we
are doing next? I
honestly don’t know.
Measuring different
temperatures with
the…I don’t know, we
just did this two days
ago, sorry.”

"The most recent lab
that I performed was
our second lab
experiment for
CASPiE. So we um
did a basic Ames
assay just trying to
determine if our
product was
mutagenic or toxic.”

What was this experiment
trying to demonstrate?

“Um, the
mutagenicity of the
gasifier product; if it
was causing the
bacteria to mutate or
if was too toxic and
killing them off so
that’s what we were
trying to determine.”

In this lab/experiment, tell
me about the results you
obtained. What do they
mean?

"It was trying to
demonstrate the um,
like different
absorbance and how
that affects the um, I
would say how the
temperature affects the
different levels of
absorbency in a
solution.”
"Um well we um were
able to find like the k
value through
experiment and um the
(under breath: I
honestly don’t
remember) based off
of our results they
were consistent with
everyone else’s but I
can’t remember what
we did”

"We’ve determined
through multiple trials
like different
experiments that it
was toxic. But we
were able to
determine that at a
certain point, it was
um or like at different
levels were more
toxic. So we were
trying to dilute to see
which level um of the
gasifier would not
completely kill off all
of the bacteria.”
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Table A 1. , continued
How did the chemical
principles in this experiment
relate to what practicing
scientists do?

"Um I think it was
relatable. Like I think
the prelab was
relatable to what we
were doing in class.
But I think it was
obviously like me not
knowing what we were
doing shows like its
pretty cookie cutter in
the directions that we
go through. So I didn’t
really get that much
out of it. ”

How did the techniques in
"I think it displays the
this experiment relate to
basics. Like as you
what practicing scientists do? move on through your
science career, um
that’s a foundation for
it.”

If this was an experiment in a
research lab, and you had an
indefinite amount of time to
work on it; what next steps
would you take to further
this experiment?

“Um, probably change
the composition of the
solution. Because I
think we did 8 and 8.
Um, so maybe change
that. I think we were
good with the different
temperatures so yeah.”

“Um, the
mutagenicity of the
gasifier product; if it
was causing the
bacteria to mutate or
if was too toxic and
killing them off so
that’s what we were
trying to determine.”

“Yeah. I would just
also say they were
very applicable
because even like
diluting or pipetting
or anything that we
have done in the
experiment is very
useful for our
futures.”
“Um, we would like
to um probably do
different levels of
dilution and then go
further than just
determining if it is
toxic or mutagenic.
Then, maybe do um
how it would affect
the different
components of
bacteria.”
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Table A 2. Steve
Question

TRADITIONAL LAB

CASPiE LAB

What was the most recent lab that
you performed?

“Uh for class? We just did
the thermodynamics lab um
I think it was yeah this
week um where we took
um it was an iron and I
think I don’t remember
what the other compound
was but we uh put it in a
water bath and then put it in
a spectrometer to see
different absorptions.”

What was this experiment trying to
demonstrate?

“Um that’s a good question
since I haven’t done the lab
report yet but um I think it
was just trying to show us
different applications of
thermodynamics cause it
the lab while we were
waiting while we were
waiting for the water to
equilibrate uh with the
solution we had to do all
these different calculations
and stuff like that with the
values that we were getting
with the absorption from
the spectrometer so it just
showed us like a bunch of
different ways that
thermodynamics could be
applied to um I guess the
experiment”

“The most recent one was
when we did our kinetic
experiment, we got to
manipulate some of the
variables ourselves we
didn’t really change all
that much because of
analytical group, all of the
different classes analyze a
different set of samples so
that we can collectively
have an entire experiment.
We could only do like six
per day and there were
about sixty that we needed
to do so we had to split it
up.”
“Um well our experiment
was trying to demonstrate
that um the clean oil was
absorbing substances and
that we could show these
PAHs on the gas
chromatography flame
ionization detector um and
so that we could show that
they are detectable and
that they were there or
they weren’t there or that
our method isn’t precise or
accurate enough to detect
them so there was a bunch
of different things that we
were trying to find out.
Our hypothesis was trying
to see if they were there to
begin with.”
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Table A 2. , continued
In this lab/experiment, tell me
about the results you obtained.
What do they mean?

“Um so the results as we
increased temperature I
believe the absorptions
went down um or I guess
yeah cause it started off I
guess with really high
numbers and it went lower
so um I don’t really I guess
that would mean that as the
temperature goes up that
absorption decreases I
guess that it that would be
telling me um I think that’s
a reasonable assumption. I
didn’t really know that was
just something that I was
trying to um trying to give
you an answer.”

“For our group we did we
just analyzed clean oil
with an internal standard
but our results actually
showed that our internal
standard is a poor one
because it only showed up
distinctly in one of our
chromatograms and it did
not show up at all in any
of the other ones and the
other lab groups had
similar issues when their
chromatograms came up
they couldn’t identify their
internal standard to like
compare it against the
other PAHs so that’s
problematic so for us that
showed that we need to
find a better internal
standard that has a
retention time um around
the PAHs but not close
enough to be mistaken for
them.”
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Table A 2. , continued
How did the chemical principles in
this experiment relate to what
practicing scientists do?

“Um I don’t really know
since I don’t really know
what practicing scientists
do necessarily um so I
guess that you know you go
through just as a general
idea you go through a
procedure you go through
like a results kind of
discussion section so I
mean that’s all I can really
see right now since I don’t
really have a firm grasp of
what it is that scientists
do.”

How did the techniques in this
experiment relate to what
practicing scientists do?

“Um well we had an
independent variable and
dependent variables um so
just typical parts of an
experiment so I feel like
that’s something that
practicing scientists do its
all experiments are about
manipulating variables and
then measuring what comes
out from the manipulations
so I feel like that was done
with our experiment.”

“Um well we kind of like
took some of the
knowledge that we learned
this year and it was kind of
applicable to what we
were doing in the lab like
we used diatomaceous
earth columns to um
separate our samples out
so that we could get the
PAHs we uh eluted that
with ether so it was
interesting to know that
once you had water to the
diatomaceous earth
column the water sticks to
um the diatoms because of
the polar and nonpolar
characteristics and that is
what. Because water does
that it allows our PAHs
which are nonpolar to go
through the column and
separate them out so I
guess real scientists would
use similar methods and
knowledge of chemical
characteristics and whatnot
to evaluate, not evaluate,
produce a method.”
“Um well we manipulated
different types of oil
samples in our experiment
and we used different
instruments to uh make
these samples uh capable
of being run through the
chromatographer, the
chromatog, uh I can never
say this right, the
instrument! That um so
like we used a
turboevaporator to dry it
and various different
instruments and I guess
techniques to make the
sample useable. And
scientists would do similar
things or use similar
instruments to facilitate
their experiments.”
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Table A 2., continued
If this was an experiment in a
research lab, and you had an
indefinite amount of time to work
on it; what next steps would you
take to further this experiment?

“Um I don’t know maybe
try out different solutions
and see there absorption
rates and we could like
increase the complexity of
the solutions or we could
um try doing some stuff
with polar and nonpolar
substances and just kind of
see how those absorption
rates affect the equations
and that’s really all I could
think of because we didn’t
we really didn’t do much
with experiment except like
put solutions in different
temperatures of water and
then run the spectrometer.”

“So the next steps would I
feel we would move more
towards dirty oil because
we really needed the clean
oil samples to be able to
compare uh versus other
samples like uh that dirty
oil samples that some
other groups did but we
found that in some of the
dirty oil samples that
chromatographs were
really convoluted and
there was a ton of other
stuff in there so what we
would have to do is
narrow it down more to
see if we could find a
smaller saponifiable
fraction that we would um
try and uh separate further
with a different, I think we
were going to move on to
silicon cartridges next
because Maj. Mathison
was telling us that they
separate phases and
substances better so that
would be the next step and
then we would run those
samples through the uh gas
chromatographer and
hopefully the peaks on the
chromatographs would be
much more clear and uh
not so convoluted with
other stuff instead of oil.”
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Table A 3. Stefan
Question

TRADITIONAL LAB

CASPiE LAB

What was the most recent lab that you
performed?

“Um. The most recent lab was
the thermodynamics lab that
we just did. Uh it was focusing
on Gibbs free energy and how
to basically wrestle with that
in the lab setting.”

“We tested the gasification
system using a scrubber a
vegetable oil scrubber um I
think when we were testing it
we were just going through
the hot portion uh and just
taking readings from before it
actually went through the
scrubber we were just taking
the uh the base sample and
then uh other groups were
taking data for the actually
scrubber um so basically
what we did we um the group
before us did most of the
setting up but we kind of
carried on the experiment so
we were taking temperature
readings for three different
points I believe it was before
the um cold finger reading
and after that reading and
then also from the flare I
believe and um we were also
taking pressure readings and
um measuring the amount of
um uh of the woodchips that
we put into the system there
so yeah we put in the wood
chips for creating the syngas I
don’t know maybe every five
or six minutes or so but the
flare would light and we
maintained that for about
sixty minutes the flow rate or
the volume of syngas that was
pushed out every ten minutes
and that was the main
premise was finding the flow
rate of the gas and also um
also well yeah for us it was
just finding the flow rate of
the gas and later on see how
much tar was obtained from
the scrubber how much they
were getting out of the
syngas.”
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Table A 3. , continued
What was this experiment trying to
demonstrate?

In this lab/experiment, tell me about
the results you obtained. What do they
mean?

“Um it was basically trying to
demonstrate because we
assumed that the um that the
enthalpy and entropy were
temperature independent in the
lab but through the lab you see
that those actually do change
and that’s one of your
confounding factors or uh
something that you should’ve
taken into account that you
end up not taking into account
so.”
“Okay so we basically only
did like a results section so we
kind of analyzed it in um a
way because our values were
um because our Gibbs free
energy value was negative and
its remained negative the
entire time um and our entropy
value was magnitudes um I
think magnitudes greater or
less. Basically I can’t
remember specifically but it
was either the enthalpy. I
think the entropy drove the
fact. That yeah one of the
enthalpy or the entropy drove
the um the final value for the
Gibbs free energy so um
basically no matter what
temperature we used so the
Gibbs free energy was always
negative because that value
was so significant in the
equation so.”

“Our hypothesis is that the
vegetable oil scrubber will be
more effective than I think
yeah we are comparing it to
motor oil.”

“Um I they haven’t Col.
Lachance hasn’t sent out all
of the results yet so
combining I think they maybe
still doing some experiments
on them but yeah as soon as
he gets all of those combined
um then yeah we will have
some but right now I don’t
know at least I haven’t gotten
any thing yet. I would expect
that the vegetable oil would
be more effective than the
motor oil just because of the I
believe it was something
about viscosity and also um
vegetable oil is a little bit
cleaner than motor oil and
probably a little bit more
practical than motor oil
because there is probably not
going to be motor oil
available on a FOB for
syngas creation and I would
say that vegetable oil would
probably be a little easier to
sacrifice than motor oil.”
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Table A 3. , continued
How did the chemical principles in this
experiment relate to what practicing
scientists do?

“Um so I guess I would say
that um scientists um well I
guess, we didn’t really go over
like how it applied practically
in like a scientific or like a
how like in scientific research
I guess um it was more just
geared for our own
knowledge. And uh at least
that’s what I got out of it it
was more just understanding
that the relationships between
enthalpy and entropy and
Gibbs free energy.”

“Um okay so I would say that
once we did once we got all
of the procedures together
and actually started the
experiment it was pretty
structured and pretty fool
proof but there was also a lot
of um a lot of uh uncertainty
in the just the different
fluctuations of the
gasification system so
probably the knowledge that
did help us out in this was
using basically like our
knowledge of like pressure
and volume throughout the
system because it is like a
fluid flow rate type of system
that we are dealing with so
pressure and volume uh and
the relationships between
them.”
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Table A 3. , continued
How did the techniques in this
experiment relate to what practicing
scientists do?

“Um lets see so the major
independent variable was the
temperature so um I think that
we kind of got a good
understanding of how some
things are uncontrollably
confounding like um we had to
run the the uh sample from the
bath to the actual spectrometer
so we wouldn’t lose the heat
so that we could get a good
reading so I guess that was one
of the things that helped us
understand how real science is
applied and you can’t always
get the ideal results that you
want from it so.”

“I think that one thing that
was important that we learned
was that there was a lot of
things that you have to – I
mean you try to be as
scientific as possible, but
there are a lot of things that
you kind of have to eyeball
sometimes and just give you
best educated guess because I
mean there is like just some
things that you just have to
deal with that you may not
have the instruments or the
funding um to you know
practically do it in that
situation. Like for instance,
one of the readings that we
were doing was the
percentage of like um of glow
of the red embers basically
for the charcoal and there is
no way we could’ve like
given a hard number for that
but we would say like five
percent or ten percent or
something its just like a best
estimate also like um when
we were measuring the
feedstock that we were
putting into the gasification
system we were kind of
giving a rough estimate of
around 200mL per time that
we were putting in or 300 mL
but when you have shapes
that don’t necessarily fill the
container or that its you just
have to kind of go with it
because that is all you have.”
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Table A 3. , continued
If this was an experiment in a research
lab, and you had an indefinite amount
of time to work on it; what next steps
would you take to further this
experiment?

“Um okay so we were
analyzing the Gibbs free
energy in I can’t remember
exactly what the compound
was so I guess after yeah I
guess I’m not really sure
exactly what we would. I
would have to go back and I
mean Gibbs free energy is um
basically the work that um the
work that is available for use
after the or the work that is
output after the reaction so um
I guess we could analyze that
to see how it could pertain to
um certain settings where
maybe you don’t want that
energy available afterwards or
I don’t now perhaps that’s
released as heat. Um yeah so I
guess we would go about it in
that sort of way I guess. I am
not exactly sure.”

“Um I would okay so um I’m
not sure if they have done all
of the experiments yet with it
but I would definitely
probably use because our
experiment is definitely
related to vegetable oil and
motor oil, I would definitely
try to bring more uh and
different types of scrubbers
into the experiments and
maybe even try dry scrubbing
like actual physical separation
of tars instead of just wet
scrubbing with our limited of
time that’s all we can test but
I would definitely try more
and different types of
scrubbers um also um I would
definitely take more time in
setting up the system and
make sure that everything is
fine-tuned and very precise in
the measurements like
calibrated right and
everything is uh all of the
piping is fitted correctly and
um in the best shape that we
could get it.”
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Table A 4. Carl
Question

TRADITIONAL LAB

CASPiE LAB

What was the most recent lab that
you performed?

“Um the most recent lab
that I performed we were
testing like trying to find
the value that delta G,
entropy and free energy and
all that values. Um what we
did is we added two
different substances
together and it changed
color. And so we used a
spectrophotometer some
kind of instrument um I
believe that is the one sir.
So um we used that to see
the absorbance levels and
then we would heat it up
um yeah we only heated it
up in a water bath and we’d
test it again and what we
could see is that it would go
towards the reactants. The
equilibrium would head
there and using that we
could calculate all of the
different uh… um what was
the word thermodynamic
values.”
“Um it was just it was
trying to demonstrate how
uh the K value, the
equilibrium constant
changes with uh with uh
temperature that was the
main thing and how we
could use different tools to
display that um and how to
calculate the different
values using different
instruments and all of that.”

“Okay we were testing the
um the absorbance of
PAHs by aerogel out of
propylene glycol.”

What was this experiment trying to
demonstrate?

“Um we were trying to see
what can happen or we
were trying to see if we
can apply aerogel to try to
clean the propylene glycol.
In my mind, theoretically,
and really really
theoretically obviously
because initial stages of
research but um if we were
using propylene glycol as
a polisher or scrubber, it
would be much you could
reuse it more and more
times if you could cycle it
through and have it
cleaned by something else
and then send it back
through. And I think it
would improve the
performance of the
gasifier.”
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Table A 4. , continued
In this lab/experiment, tell me
about the results you obtained.
What do they mean?

“Um it was a little
confusing we realized
afterwards so what
happened when we were
doing the lab was we would
take readings of the
absorbance and readings of
the temperature and that’s
all we would do. And they
had an excel spreadsheet
that was locked out that we
couldn’t do anything about,
uh we couldn’t look at
anything and we looked
over the data with our
teacher. And it had
contradictory results and
we are thinking cause the
sign of uh the free energy
value was like theoretically
it was supposed to be like
according to the data it was
spontaneous and
nonspontaneous at the same
time which a big no go um.
So we are trying to figure
out what happened but I’m
thinking personally that
there was a misplaced sign
in the excel spreadsheet um
but what it was supposed to
show um trying to
remember is that with the
change in temperature
because the K value gets
bigger I think. I don’t
remember which way it
went for that particular
reaction. But the delta G
value would I think
decrease like um become
more negative or maybe
become less negative one
of those two. But it was
trying to show the
relationship basically.”

“Um well we didn’t get
anything technically
conclusive because we
have to do all of these
other tests that Major
Mathison ran the samples.
Um and we blanked it out
using clean propylene
glycol and then we tested
dirty propylene glycol
which absorbed a lot and
then we tested the filtered
through the Teflon filter
that we have been using
and it absorbed a little bit
less and then we tested the
filter with the aerogel and
the Teflon filter. And it
filtered out it absorbed a
whole hell of a lot less so
we are thinking by that
kind of train of logic that
the aerogel is getting out is
absorbing the light. And
right now we think its
those PAHs, those
impurities obviously we
were getting it tested in the
lab but that’s kind of what
we are thinking.”
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Table A 4. , continued
How did the chemical principles in
this experiment relate to what
practicing scientists do?

“Oh definitely um.
Spontaneity is a big thing
especially in like
everything obviously but
the big thing is like energy
stuff. In my opinion I’m not
really sure because I am
just a freshman in college
but um uh spontaneity
would probably be a good
thing especially in things
like an engine or the
gasifier that we are working
on like having a
spontaneous reaction versus
a nonspontaneous reaction
would probably be better so
that we don’t have to put a
constant flow of energy
into the reaction. Um but I
mean that kind of
information can be utilized
for different um purposes
like knowing if a reaction is
spontaneous or
nonspontaneous you could
know whether or not you
want to do this with it or do
that with it. It is all about I
guess if you want to use
that information it depends
on what you are doing
obviously but you could
probably apply it to
whatever criteria you need
if like if the information is
applicable.”

“We went over the whole
absorbance. We can use
Beer’s law that was one I
guess practice one theory
that we could put into
practice. Um we used
absorbance to basically see
if we could determine
concentration of stuff
since we don’t know what
is in there, we can’t really
say what “stuff” is yet but
um that was one of our
theories I guess. Um I
mean our second measure
which I guess wasn’t
really accurate um taking
the weight of the filter
each time and seeing that
but it didn’t really. I guess
that is control but I guess
that is conservation of
mass. Like if we leave
mass in the filter, we are
losing mass in the
propylene glycol sample
that is coming out. I mean
that is one thing that we
used but um I guess the
theoretical absorbance of
aerogel was something
that we used but that was
just kind of reading an
article about it and saying
‘hey that might work.’”

66
Table A 4. , continued
How did the techniques in this
experiment relate to what
practicing scientists do?

“Yeah I mean changing
temperature is its simple
but its something that needs
to be done kind of deal. Just
for real world application if
you are trying to research
something with
temperature, you are going
to have to know how
something will work at a
different temperature. Um,
I’m trying to think but there
was some chemical product
or something that doesn’t
work at high temperatures
or something that’s what it
was it was the space
shuttle. What was it called?
It was like challenger or
one of those awesome
sounding names but um uh.
They had like the rubber
gasket and they only tested
at a certain temperature
range but it was so much
colder on the day of the
launch um that when it took
off the thing broke and the
shuttle exploded. Um I
guess the simple
manipulating temperature
that we are doing in lab if
they had done that, and
known like hey don’t do it
on that cold day, I mean.”

“I think the testing that we
did with the
spectrophotometer would
relate. That seems like a
valid normal science test
that um I mean we didn’t
really do that elaborate
experiment so we didn’t
really use that many like
scientific. We were testing
stuff in the lab but that’s
like Major Mathison’s
thing. I don’t know what’s
going on there. Oh it’s a
gas, um gas
chromatography that’s
what it was. So we are
doing that but I guess not
directly um. I mean our
main experiments though
was like pushing liquid
through a solid filter with
a syringe but I guess I
mean I guess that’s like.
Doesn’t really seem like a
science technique as much
as anything else. It seems a
little bit over simplified.
There would probably be
more accurate, more
accurate techniques that
we could find but
considering resources and
time and freshman level
chemistry you know we
did what we could.”
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Table A 4. , continued
If this was an experiment in a
research lab, and you had an
indefinite amount of time to work
on it; what next steps would you
take to further this experiment?

“I mean our experiment
that we did was uh it was
pretty defined so it would
be kind of hard to take it to
a next step um. I think it’s a
lot harder to do these kind
of experiments um take
these kind of experiments
that we do in a regular lab
like in a regular basic
chemistry lab to a next step.
Um but if you have a
parameter that you are
working for, like you have
something that you are
trying to accomplish, like
its pretty easy to go from
one step to the next um.
Like for CASPiE, the thing
that we are doing the
modeling process. I am in
the chemical engineering
group and we were
modeling the different. We
started by modeling the
water process so we could
figure out what it would be
like for the scrubber. Um
and that one paper that
COL Lachance gave us and
then he is like okay next
step now use it to model
what we would have if we
used this. I mean we just
kind of moved from
modeling to application to
testing to remodeling to
application so I guess it the
stuff in the lab that we do,
if it has an actual goal can
be taken further. But I
mean the kind of stuff that
we do in a regular lab like
its kind of defined what we
are supposed to do like we
are looking for results so
we can kind of see. It’s
more to demonstrate what
we’ve learned in class from
the textbook. At least that’s
what I think.”

“Um I guess. I guess
integrating it into an actual
gasifier model. I guess we
would have to do a few
more tests to make sure
the results were accurate.
Like the last. I guess the
biggest step that I’ve been
leading up to would be
putting it in a gasifier and
seeing how much better it
runs like that would be the
ultimate goal. Um another
further experiment that I
came up with the idea but
then another group stole it
and our aerogel but um
was using aerogel as a dry
bed scrubber instead of um
cleaning the propylene
glycol that scrubbed the
gas. I was thinking that it
would be better to clean
the gas using aerogel itself
and take out the middle
man. Less gas being
absorbed itself obviously
the aerogel is absorbing a
little bit of propylene
glycol which is kind of
inevitable. If we didn’t
have that kind of medium
it would be absorbing
more just be uh the bad
stuff/contaminants. the
issue about that is that it
could absorb things that
we want but that’s just
another vein of research.”
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Table A 5. Waldo
Question

TRADITIONAL LAB

CASPiE LAB

What was the most recent lab that
you performed?

"It was the one that we just
did with the
electrochemistry.”

"So me and my partner we
were trying to determine if
the scrubber from the
gasifier is toxic or not. So
we did the first experiment
with salmonella which it
only would allow the
bacteria to grow if it
mutated it, or it was
mutagenic. We didn’t get
very good data from that,
so what we did was go
back to E. coli and E. coli
doesn’t have mutations. It
just grows so, and then we
just added uh scrubber to
that to see if it would
impede the growth by
killing it because if it kills
the E. coli we could say
that it is most likely toxic
so the first one we did
which was before the last
one, we didn’t have
enough scrubber so there
was really no difference
between all of the levels of
the IV so the last one we
did. We increased the
concentration of scrubber
and did one where we
increased the volume so
that we could get a lot
more scrubber on these
cultures. So uh we just
diluted the bacteria so that
we didn’t get overgrowth
and then we added the
scrubber to that in
different levels and we did
actually get good data
from that and we got the
more scrubber we added,
the less colonies there
were.”
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Table A 5. , continued
What was this experiment trying to
demonstrate?

"We just did this I should
probably know. Um I have
no idea. I did the lab report
last night.”

In this lab/experiment, tell me
about the results you obtained.
What do they mean?

"We got some like, oh we
were doing the absorbance
and we had a reaction and
we like heated it up to get
the absorbance at each
temperature. Then, we used
that to solve for the k value
to find delta G. So yeah and
then the results we filled in
and there was a data sheet
that populated itself
automatically. What I did
was to go back and like
figure out the calculations
by hand. I mean a lot of the
calculations were given in
the lab like in the prereading thing.”
"I guess that scientists
measure the absorbance and
use that to calculate free
energy. But I don’t really
know, I’m not a practicing
scientist ”

How did the chemical principles in
this experiment relate to what
practicing scientists do?

"We were trying to
demonstrate the toxicity of
the scrubber. So like if it is
toxic for E. coli, it might
be toxic to humans."
"It supports that, so it was
toxic.”

"It is pretty similar
because if you test
something for toxicity you
aren’t just going to go
straight to human trials.
You are going to test it on
some kind of organism.
You can go to animal trials
before that, but a lot of
scientists use bacteria
because it is cheap and its
not unethical to kill
bacteria such as E. coli.
That is something that a
scientist would do. They
would start with trials of
bacteria, and then go to
animals, and then human
trials. If it proves to be
non-toxic, then everything
below that. So I think it
does relate to what
scientists do"
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Table A 5. , continued
How did the techniques in this
experiment relate to what
practicing scientists do?

"I mean we used some
pretty standard equipment
like little vials and stuff and
then a heat bath to raise the
temperature up.”

If this was an experiment in a
research lab, and you had an
indefinite amount of time to work
on it; what next steps would you
take to further this experiment?

“Well, I would probably try
it with a different reaction.
We only tried it with one
reaction. Then, I would
probably try it with
different temperatures
because the point was to
see if free energy changed
given temperature because
it’s like one of the variables
in the equation. So I think
we did it with five data
points, and I would maybe
increase that a little bit.”

“Well, LTC. Clancy, the
instructor, says that she
does this all the time. We
were using gun pipets, and
she told us that she used
that sometimes hundreds
of times per day when she
was doing her research.
Uh so we had all of these
culture plates and we
didn’t actually prepare
them, but one of the lab
assistants prepared them
for us. It had rich ager in
it, and we were using soft
ager to put on top of it,
which is what the bacteria
and the scrubber went into.
So the techniques were
pretty in line with what
you actually do.”
“Well, now that we have
gotten back that it is toxic,
I would definitely want to
try more samples because
we have right now two
controls and three different
levels that we tested. If we
had more time to test
bacteria combinations, we
would probably do a lot
more trials of that so that
you could see. Because
right now, we have got a
pretty good slope in the
data that shows how the
toxicity increases the more
you have and how the
concentration goes. So I
would probably have more
levels of that so we can see
that trend and more
definitively say that the
bacteria is toxic."
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Table A 6. Richie
Question

TRADITIONAL LAB

CASPiE LAB

What was the most recent lab that
you performed?

“The one that we just did
where we were mixing uh I
think it was iron and uh
iron ions and uh SCN
negative and we were
seeing how far the reaction
went in various uh at
various temperatures and
we measured how far the
reaction went by measuring
the absorptivity of the
solution.”

“Um we took a sample of
gas before it went through
the scrubber or gasifier um
and put it in a balloon with
some petri dishes uh with
sodium azide one with um
regular bacteria and we
took another balloon and
filled it with gas from after
the scrubber and then also
filled it with petri dishes
um just like the other
balloon one set with
sodium azide and one with
bacteria. And we found
that the results from the
balloon that had the gas
before the scrubber um
everything just died it was
too toxic for it um and
after there was some
significant growth so that
was exciting it showed that
the scrubber was actually
working it was taking
some things out. But also
it might be a toxin or a
mutagen um after the
scrubber. Um then there
were some other
experiments that we did,
two other chambers um
just testing to see how
toxic the gas from the used
propylene glycol from the
gasifier was. We diluted a
sample of it with a dilute
amount of gas, we found
that um I think there was
more growth with a less
concentrated amount of
gas.”
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Table A 6. , continued
What was this experiment trying to
demonstrate?

In this lab/experiment, tell me
about the results you obtained.
What do they mean?

How did the chemical principles in
this experiment relate to what
practicing scientists do?

“Uh I think they are trying
to show how even though
um temperature changes
and we can see how far the
reaction goes and I can see
that and to see how all of
the laws work. And I think
um it was also supposed to
show that for some
reactions uh higher
temperature means less
product, but the results
were a bit confusing there
was something else going
on that we didn’t quite
account for.”
“They were strange results
so what it showed was uh at
a higher temperature there
was less product, so that
made sense but then it also
showed that there was a
negative, um as we
increased the temperature
there was a more negative
change in free energy
which means that it should
have been more, it should
have been producing more.
So it kind of conflicted, we
weren’t sure what happened
there.”
“I guess just knowing how
to use the laws to interpret
what they see um I don’t
know, this year it seems
like the biggest thing that I
am learning is that things
don’t always come out very
cut and dry in lab and that’s
what the instructors keep
telling us this is real science
when you don’t get the
results that you actually
want.”

“Overall we were trying to
show, we were trying to
see if the scrubber was
actually working, if it was
taking out carcinogens and
mutagens um really right
now show mainly whether
it is toxic or not but that
was what were going for
initially.”

“What the scrubber is
taking out is toxic but it
becomes less toxic after
the gas goes through the
scrubber.”

“Um we had to use uh like
regular dilutions and stuff
like that um we had to use
all of the equipment that
scientists would have to
use and I guess just
learning to interpret our
results because we didn’t
know what they meant at
first it took a while to
figure out what we were
looking for.”
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Table A 6. , continued
How did the techniques in this
experiment relate to what
practicing scientists do?

“Um I’m assuming it’s the
same thing, we go into labs
and do it the same way we
do. Um we have really nice
lab set ups so I am sure its
similar.”

If this was an experiment in a
research lab, and you had an
indefinite amount of time to work
on it; what next steps would you
take to further this experiment?

“Um I would definitely run
it again maybe with shorter
um distances between each
temperature that we check,
um, get a lot more data
points and maybe try to
reduce the error like
transferring the cuvettes
from the water baths to the
spectrophotometer. Try to
reduce error that way.”

“We learned how to use
the lab equipment, we
learned how to design
experiments, what we did
with the balloon we came
up with um with some
help from instructors but it
was nothing that they had
thought of beforehand it
was our own design, it was
fun.”
“I would like to test so
when you took the gas
before it went through the
scrubber and after it went
through the scrubber. The
scrubber that we were
using was a synthetic
motor oil and from what I
understand from the other
groups, synthetic motor oil
is not the ideal scrubber,
they were using propylene
glycol and they were
excited about vegetable oil
also so I would like to test
gas from before and after
using vegetable oil and
propylene glycol as a
scrubber and see how that
compares to motor oil.
Maybe there is more or
less growth frequency but
it is better at taking out the
toxic components or
maybe it is better at taking
out the mutagenic
components I don’t really
know, but it would be fun
to compare.”
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Table A 7. Edward
Question

TRADITIONAL LAB

CASPiE LAB

What was the most recent lab that
you performed?

“The most recent lab was
the oh we just did it
Tuesday um it wasn’t the
kinetics lab it was a it was
one of the non-CASPiE
labs um that’s I mean that’s
the punch line I guess.”
“The experiment was
demonstrating that it was
proving that um the change
in temperature um adjusts
absorbance and how that
relates with beers law.”

“Uh the most recent lab
that we did was uh an
Ames assay to determine
the potential mutagenicity
of a uh, of the polisher uh
that was used to scrub the
syngas.”
“Uh we were trying to
determine how the bacteria
would grow inside of uh
after being exposed to
propylene glycol that was
mixed with um the the
chemicals that were
scrubbed from the syngas
as opposed to just being
exposed to just um pure
propylene glycol and then
we also added in specific
dilutions of the polisher
that was diluted with pure
propylene glycol.”
“Actually so are results
ended up being
inconclusive because one
of the things that we found
after the fact was that
propylene glycol can be
used as an energy source
for the mutated strains of
salmonella that we were
using so instead of well
where we expected to see
no growth we ended up
seeing significantly very
significant growth because
the propylene glycol was
used as a supplemental
energy source um so while
we didn’t get any results
we were able to determine
that the um the chemical
scrubbed from the or from
the syngas are toxic but as
far as mutagenicity is
concerned our results were
inconclusive.”

What was this experiment trying to
demonstrate?

In this lab/experiment, tell me
about the results you obtained.
What do they mean?

“The results section is
actually due Wednesday at
the moment all that comes
to mind is beers law is in
fact true and um I feel like
that’s the purpose of the
lab.”
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Table A 7. , continued
How did the chemical principles in
this experiment relate to what
practicing scientists do?

“Well I mean the lab itself
being designed to show that
at least in these
circumstances beers law is
true um I mean any
scientist that interacts with
beers law um I mean it
doesn’t validate their
research but it validates the
use of beers law in their
calculations and things like
that um but outside of that
um the purpose of the lab
was just to explain beers
law.”

How did the techniques in this
experiment relate to what
practicing scientists do?

“Well there was a pre-lab
that involved calculating
exactly how um how much
of each substance that we
needed. Um calculating all
that out which was valuable
and then from there it was
it was a very simple lab it
introduced us to Microlab I
don’t know how much that
is used um outside of here
because I imagine there are
more um effective ways to
uh analyze things. We used
a spectrophotometer to
analyze the absorbance of
the um of the substance so
it the techniques were valid
however I feel like there are
different techniques that
will be used by um more
accurate scientists than is
expected of us.”

“I mean it really worked
on the um the use of the
scientific method which is
important, I mean its one
of the things that we teach
here at west point using
you know a logical
thought process to develop
ideas um safe ideas and
um so that was you know
uh practical application as
well as making your
research like what you are
doing purpose-driven
instead of just doing
something to find, instead
of just performing
experiments to find results
um looking for something
in particular instead of just
looking for anything.”
um I mean the
“Techniques that we used
a lot of dilution techniques
in order to uh dilute to
dilute the polisher
scrubber um safety was a
big deal because we were
certain upon opening the
bottle of polisher scrubber
or the polisher that it was
not good for our health
because we were able to
smell it even though it was
underneath the uh or
underneath the hood so we
used every safety
precaution that we could
think of we used um uh I
guess that’s it.”
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Table A 7. , continued
If this was an experiment in a
research lab, and you had an
indefinite amount of time to work
on it; what next steps would you
take to further this experiment?

“Um I don’t know that
furthering that particular
experiment is um is
necessary but if I were to I
would see if it’s applicable
across the entire spectrum.
We chose our um when we
chose our absorbance we
chose blue as the um the
base color that Microlab
was looking for and so um
maybe find different uh
different uh base colors and
prove that that works well
or um maybe try to freeze
the substance to see if that
changes how much light is
put off or what color of
light is put off um and
things like that but um I
mean again since the punch
line of the experiment was
to prove beers law. There
isn’t too much to further
it.”

“I would find a uh, I
would find a way to
remove or to separate the
uh chemicals from the
propylene glycol, that’s
one of the things that we
discussed in our poster is
that that would be the next
logical step because the
propylene glycol gives
erroneous results because
we know that we know
that propylene glycol can
be uh a mutagen and it can
be an energy source so it it
makes it very difficult to
test this polisher scrubber
with the propylene glycol
in it, so the next step
would be finding a way to
remove it or just separate
the two substances move
forward from there in
testing what is actually in
the scrubber.”

Mark your agreement/disagreement about the
chemistry laboratory course that you most
recently took.
I repeated experiments to check results
I learned chemistry from my classmates
I learned from the laboratory experiences in
the course
I gained a better understanding of the process
of scientific research
The lab experiences were very similar to real
research
The lab experiences made me realize I could do
science research in a real science laboratory
The lab experiments presented real science to
students, similar to what science do in real
research labs
I think that the lab experiments helped me
understand the lecture material
I better understood the ideas of chemistry, in
general as a result of completing the
experiments
I believe I could accurately explain a chemistry
experiment from the course to other students
I believe I could accurately explain a chemistry
experiment from the course to my instructors
The lab experience made me more interested
in chemistry
The lab experience made me more interested
in science
the lab experience made me more interested
95% C.I.
3.6 ‐ 4.27
4.3 ‐ 4.85
4.32 ‐ 4.8
4.25 ‐ 4.71
3.26 ‐ 3.78
3.6 ‐ 4.18
3.41 ‐ 3.98

4.33 ‐ 4.76
4.34 ‐ 4.75

4.58 ‐ 4.97
4.49 ‐ 4.87
3.84 ‐ 4.38
4.03 ‐ 4.56
3.69 ‐ 4.25

M
3.93
4.57
4.56
4.48
3.52
3.89
3.69

4.55
4.55

4.77
4.68
4.11
4.29
3.97

Pre-Participation

4.39

4.73

4.48

5.04

5.13

4.93

4.92

5.08

4.96

4.97

5.24

M
4.67
5.08
5.15

4.11 ‐ 4.66

4.46 ‐ 5.01

0.42

0.44

0.37

0.36

4.86 ‐ 5.22
4.20 ‐ 4.76

0.36

0.38

0.37

1.39

1.07

1.45

0.76

∆ in M
0.74
0.51
0.59

4.96 ‐ 5.31

4.77 ‐ 5.10

4.75 ‐ 5.09

4.91 ‐ 5.25

4.72 ‐ 5.20

4.75 ‐ 5.20

5.06 ‐ 5.42

95% C.I.
4.38 ‐ 4.95
4.87 ‐ 5.29
4.99 ‐ 5.31

Post-Participation
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0.00**

0.00**

0.00**

0.00**

0.00**

0.00**

0.03*

0.00**

0.00**

0.00**

0.00**

p
0.00**
0.00**
0.00**
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77

3.31 ‐ 3.87
3.02 ‐ 3.64
3.69 ‐ 4.28
4.47 ‐ 4.95

4.10 ‐ 4.57

3.79 ‐ 4.26
4.39 ‐ 4.84
4.15 ‐ 4.59
4.03 ‐ 4.50
4.39 ‐ 4.86
4.43 ‐ 4.87
4.53 ‐ 4.97
4.92 ‐ 5.24

1.98 ‐ 2.53

3.59
3.33
3.99
4.71

4.33

4.03
4.61
4.37
4.27
4.63
4.65
4.75
5.08

2.25

2.01

5.27

4.37

5.01

4.27

5.13

4.83

5.29

4.67

4.92

5.27

4.96

3.61

3.96

1.73 ‐ 2.30

5.11 ‐ 5.42

4.09 ‐ 4.65

4.79 ‐ 5.23

3.95 ‐ 4.58

4.98 ‐ 5.29

4.66 ‐ 4.99

5.16 ‐5.43

4.46 ‐ 4.87

4.75 ‐ 5.09

5.09 ‐ 5.44

4.73 ‐ 5.19

3.29 ‐ 3.94

3.65 ‐ 4.27

‐0.24

0.19

‐0.38

0.36

‐0.36

0.86

0.46

0.68

0.64

0.59

0.56

0.97

0.28

0.37

Note: M= mean; S.D.= standard deviation; ∆ in M= pre‐post change in mean; p = significance
*= significant at p < .05; ** = significant at p < .01

in a science career
the lab experience made me more interested
in earning a Master's degree in a science field
The lab experience made me more interested
in earning a Doctoral degree in a science field
Finding answers to real research questions
motivated me to do well in the chemistry lab
Having the opportunity to use chemistry
instruments made the course more interesting
for me
The experiments that I worked on helped me
understand how the topics that are covered in
chemistry lecture are connected to real
research
The lab experiments were related to things I
am familiar with in real life
The lab experiments increased my appreciation
for the role of scientists in society
Having the opportunity to use chemistry
instruments helped me learn course topics
The concepts covered in the laboratory were
relevant to the real world
I was able to be successful simply by following
the procedures in the lab manual
I needed to understand the big ideas behind
each experiment in order to do well
The instructional materials provided me with
explicit instructions about my experiments
In the most recent chemistry laboratory course
I took, my instructor provided me with
feedback about my performance
Males are generally better at chemistry
research than females
0.04*

0.08*

0.01**

0.01**

0.03*

0.00**

0.00**

0.00**

0.00**

0.00**

0.00**

0.00**

0.01**

0.00**
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